Colorectal cancer (CRC) is a leading cause of cancer-related mortality in the United States. Early detection and removal of adenomatous polyps reduces the risk of future CRC [1] . Colonoscopy is the gold standard in diagnosis of adenomatous polyps and CRC because of its effi cacy in detecting lesions and its ability to concomitantly resect these lesions [1] . Th e value of colonoscopy in screening for CRC is dependent on the adenoma detection rate (ADR) which is directly related to the endoscopist's skills and the bowel preparation quality [2] . Published literature have shown that inadequate bowel preparation is linked to missed adenomas, increased interval cancer rates, increased procedure time, and increased healthcare costs resulting from repeating colonoscopic exams [2] .
Introduction
Colorectal cancer (CRC) is a leading cause of cancer-related mortality in the United States. Early detection and removal of adenomatous polyps reduces the risk of future CRC [1] . Colonoscopy is the gold standard in diagnosis of adenomatous polyps and CRC because of its effi cacy in detecting lesions and its ability to concomitantly resect these lesions [1] . Th e value of colonoscopy in screening for CRC is dependent on the adenoma detection rate (ADR) which is directly related to the endoscopist's skills and the bowel preparation quality [2] . Published literature have shown that inadequate bowel preparation is linked to missed adenomas, increased interval cancer rates, increased procedure time, and increased healthcare costs resulting from repeating colonoscopic exams [2] .
A variety of factors can infl uence the quality of bowel preparation among adult patients undergoing colonoscopy [3] . Th ese factors can be categorized into either patient-related or procedure-related. Multiple studies have identifi ed patientrelated factors such as advanced age, male sex, comorbid medical illness, and low socio-economic status to be associated with poor bowel preparation [2, 3] . Furthermore, procedurerelated factors such as timing of preparation administration and the waiting period on the day of colonoscopy were found to infl uence the quality of colon cleansing. these factors can provide guidance in developing strategies targeted towards improvement in the quality of colonoscopy performance [3] .
Diabetes mellitus (DM) has been established as an independent factor aff ecting the quality of bowel preparation in few studies [3] [4] [5] . DM is known to impair colonic and general gastrointestinal transit [4] . Th e mechanism of delayed colonic transit in DM is still unclear, however, amongst the suggested mechanisms, autonomic neuropathy, which is a complication of long-standing DM, has been widely accepted as the main underlying etiology. Autonomic neuropathy may lead to absence of normal postprandial gastro-colonic response, resulting in delayed colonic transit time [4, 5] . Multiple nerve conduction studies showed that stage of neuropathy is highly correlated to the glycated hemoglobin (HbA1C) representing the level of glycemic control [6] . Th e eff ect of diabetes control on the quality of bowel preparation has not been studied previously. In this study, we aimed to investigate the impact of diabetes control on colonoscopy outcomes including bowel preparation and ADR.
Patients and methods

Setting and patient selection
Th e cohort was selected out of colonoscopy outcomes in minority population registry (COMP), a teaching community hospital-based database in New York City. Of 1186 patients who underwent average risk outpatient screening colonoscopy evaluation during January 1, 2008 to August 30, 2012, 352 were found to be diabetic. Th e diagnosis of DM was based on ICD-9 code documented in these patients charts. Patients included in the study were adults 50-85 years old who had used the standard bowel preparation of 1 gallon polyethylene glycol solution. Patients were excluded from the study if they used another type of bowel preparation regimen or had a repeat colonoscopy during the study period secondary to inadequate bowel preparation. Th e study protocol was approved by the Institutional Review Board.
Th e patients' records were retrospectively reviewed for demographic, colonoscopic and pathological variables. Based on the available data, the level of HbA1C was used as a reliable surrogate for diabetes control [7] . Th e patients with documented HBA1C within 3 months of the colonoscopy were further categorized into three groups based on their HbA1C (good glycemic control A <7, fair glycemic control B 7-9, poor glycemic control C >9). Th e bowel preparation was also classifi ed to two subclasses of optimal (excellent or good) and suboptimal (fair, poor, or inadequate) based on the Ottawa scale. Th e patients in this cohort used the prior evening preparation, which was the standard in our institution at that time, with an estimated time lag of 12 hours between complete administration of the preparation and performing colonoscopy. Patient data were collected and analyzed retrospectively.
Statistical analysis
Th e primary endpoint analyzed was quality of bowel preparation. Secondary endpoints included ADR and advanced ADR (aADR). Categorical variables were expressed as valid percentages and compared using chi square test. Subgroups analyzed were patients with good, fair, or poor glycemic control, patients with optimal or suboptimal bowel preparation, and patients with or without adenoma detected on colonoscopy. P values <0.05 were considered signifi cant. Analysis was carried out using SPSS 18.0 (SPSS, Chicago, IL).
Results
Our cohort included 352 diabetic patients. 58.4% of the study population was African Americans, 31.9% were Hispanics, 7.9% were whites and 1.7% Asians (Table 1) . Patients with good glycemic control represented 59.7% of study population, whereas patients with fair glycemic control and poor glycemic control represented 26.7% and 13.6%, respectively. Th e quality of bowel preparation was relatively similar across all study groups (Fig. 1) . Optimal bowel preparation was observed in 53.3% of patients with good glycemic control, while 47.9% of patients with fair glycemic control were found to have optimal bowel preparation, and 50% of patients with poor glycemic control had optimal bowel preparation (P=0.6).
ADR was 24.3% in patients with good glycemic control, whereas in patients with fair glycemic control and in patients with poor glycemic control, ADRs were 20.2% and 27.1%, respectively ( Fig. 2 ) (P=0.6). Among patients with good glycemic control aADR was 12.9%, while in patients with fair glycemic control and poor glycemic control aADRs were 11.7% and 18.8%, respectively (Fig. 2) (P=0.4) . 
Discussion
Th is is the fi rst study to evaluate the impact of DM control on colonoscopy bowel preparation in a minority population. Th is study also evaluated the impact of long-term glycemic control on ADR and aADR in a population that predominantly African Americans and Hispanics. Previous studies of this kind had included mostly non-African American non-Hispanic populations [8] . Th e quality of bowel prep is a key element to determine the ADR. Poorly prepared patients during colonoscopy usually undergo longer, more diffi cult procedures and a lower diagnostic yield for polyps. Previous studies have shown an inverse relationship between diabetes and quality of bowel preparation for colonoscopy [9] .
Taylor C has conducted a study to examine the factors that aff ect poor bowel preparation [10] . On a subgroup analysis, the diabetic patients, irrespective of diabetic control, have been shown to have signifi cantly poor response to standard polyethylene glycol preparation compared to non-diabetics. However, this study was limited by the small number of patients (54 patients) and by the retrospective design. In our study, we compared the bowel preparation quality amongst three groups of diabetics (good, fair and poor glycemic control) and no signifi cant diff erence in the preparation quality was found. Since previous studies have postulated that the poor bowel prep observed in diabetics could be related to colonic atony [10, 11] , our fi ndings amongst diff erent groups of diabetics could suggest that colonic atony is a de novo process that can happen regardless of the stage or control of DM.
DM is associated with an increased ADR [12, 13] . Th ere are many theories which could explain the increased risk of colorectal adenoma or cancer in people with DM [14, 15] . In patients with type 2 DM, hyperinsulinemia is present early in the disease in response to peripheral resistance to insulin [16] . One theory proposes that hyperinsulinemia and insulin like growth factor (IGF-1) contribute to the proliferation of colon epithelial cells and colon carcinoma cells, leading to CRC [14] .
A prior study done by Rodney Eddi et al in a predominantly white population showed that there was signifi cant diff erence in ADR or aADR between well controlled and poorly controlled diabetic patients [13] . Our study classifi cation was more comprehensive as we categorized patients into three glycemic control categories, however, our fi ndings showed no signifi cant diff erence in ADR and aADR amongst the groups. Siddiqui et al found that the worse the control of DM, the higher incidence of CRC [17] . Another study done by Kanadiya et al supported an association between DM and colonic adenomas and showed a reduction in this risk in those who took metformin to control their DM, however, the study did not analyze the level of glycemic control in the cohort and it was unclear if the reduction in ADR is related to changes in glycemic control or to the presumed anticancer eff ects of metformin [18] . Furthermore, this study did not specify whether patients had advanced adenomas.
Th e strengths of our study are that it is the largest study that investigated the infl uence of DM control on the quality of bowel prep and it is the fi rst of its kind that was done in minority populations, a subgroup that is oft en underrepresented. Our study limitations are represented by its retrospective design, and that it did not evaluate some other potential confounders, i.e. level of education, smoking history, alcohol abuse, location of the colonic adenoma, and other comorbidities (i.e. obesity, sedentary lifestyle and metabolic syndrome). Despite the fact that HbA1C is an acceptable marker for glycemic control over a 12-week period, it cannot surely show the length of the time that the patient has been exposed to high levels of insulin, an agent which later can increase the risk of colonic adenoma or CRC.
In conclusion, DM has been associated with suboptimal bowel preparation. Outcomes of colonoscopy in diabetics represented by quality of bowel preparation, as well as ADR and aADR could be independent of the level of glycemic control. Th erefore, diabetic patients might need a more intensive bowel preparation regimen regardless of their glycemic control. Th ese fi ndings need to be validated by larger studies to explore the underlying pathophysiology for these fi ndings. Interventions to improve bowel preparation in diabetic subjects need to be evaluated. 
Figure 2
Percentage of adenoma detection rate/advanced adenoma detection rate in diabetic patients with diff erent levels of glycemic control
